Real-Time Continuous Nitrate Monitoring in Illinois in 2013
Many sources contribute to the nitrogen found in surface water in Illinois. Illinois is located in the most productive agricultural area in the country, and nitrogen fertilizer is commonly used to maximize corn production in this area. Additionally, septic/wastewater systems, industrial emissions, and lawn fertilizer are common sources of nitrogen in urban areas of Illinois. In agricultural areas, the use of fertilizer has increased grain production to meet the needs of a growing population, but also has resulted in increases in nitrogen concentrations in many streams and aquifers (Dubrovsky and others, 2010 (Alexander and others, 2008) 
What is continuous and real-time nitrate monitoring?
Continuous monitoring (collected every 15 minutes) for nitrate provides consecutive observations of nitrate concentration measured by a sensor placed directly in the body of water. Measurements are logged and stored by instrumentation at the field site. Real-time continuous nitrate data are first stored and then are transmitted to an offsite computer via satellite telemetry. The real-time data collected by the U.S. Geological Survey (USGS) in Illinois are uploaded from the computer to the Web site every hour (http://waterdata.usgs.gov/il/nwis/current/?type=quality&group%20Key=basin%20cd). The real-time transmission eliminates the waiting time inherent in laboratory chemical analyses and allows scientists and water managers to make decisions based on rapid changes in water quality.
A nitrate sensor operates on the principle that nitrate ions absorb ultraviolet (UV) light at wavelengths less than 220 nanometers (nm) (Pellerin and others, 2013) . The sensor is designed to convert spectral absorption properties measured to a nitrate concentration by using laboratory calibrations and integrated algorithms to account for interferences from other absorbing ions and organic matter. This allows for realtime nitrate measurements without the need for chemical reagents. Suspended particles and highly colored water may affect the optical sensor, so consistently accounting for these factors is critical to the successful deployment and interpretation of results in different settings. The sensor has integrated or external antifouling systems, but the USGS typically has to clean and calibrate a nitrate sensor monthly, or as needed to remove sediment, biological growth, and lime scale.
Instrumentation shelter and telemetry equipment are used for collecting, storing, and transmitting stream discharge and nitrate data at the U.S. Geological Survey (USGS) streamgage near Fairbury, Illinois (photo by Nicholas Siudyla, USGS).
Where does the USGS measure nitrate continuously in Illinois?
The USGS deploys continuous nitrate sensors in a variety of stream types, sizes, and locations in Illinois to better characterize the behavior and transport of nitrogen. In partnership with various cooperators and as part of the USGS WaterWatch program on streams from coast to coast ( fig.1A) 
What are some applications of continuous nitrate monitoring?
Continuous data more accurately characterize those sites where water quality is highly variable over short time scales. Sampling seasonally or monthly does not capture the variability of nitrate in riverine environments ( fig. 3) . Urban areas can have highly variable stream water quality because of the multitude of nitrogen sources in an urban stream and the "flashy" discharge. Agricultural areas, especially those with tile drains that act as conduits for chemicals applied at the land surface, also can have highly variable nitrate concentrations over short time scales during precipitation events or droughts.
Continuous nitrate sensors in the Midwest can be used to answer scientific questions such as
• What is the effect of green infrastructure on nitrate concentration?
• How do nitrate concentrations change in receiving waters during and after the construction of wastewater facilities?
• What are the daily changes in nitrate concentration that might affect water supplies?
• Can upstream nitrate sensors help forecast when drinking water intakes or near-stream groundwater wells will be impacted by high nitrate concentration?
• How have changes in agricultural practices changed the nitrate concentration and load in streams?
Continuous nitrate data have begun to answer some of these and other questions about the transport of nitrate in streams. Initial studies in Illinois found that nitrate concentrations decrease with precipitation events and then gradually come back up to initial concentrations ( fig. 4) . However, the total amount of nitrogen moved during storm events (or load) increases. This has implications for when nitrate treatment is needed at drinking water intakes or when nitrate concentrations may disrupt ecosystems during storm events. The calculation of continuous nitrogen loads from continuous nitrate data and discharge can help assess the effectiveness of best-management practices (BMPs). Impaired sites, such as those with factors affecting total maximum daily loads (TMDLs) or sites that drain to ecologically and economically important water bodies, may use water-management strategies more effectively during critical times identified by continuous water-quality monitoring.
Other types of continuous sensors or combinations of sensors will aid in the understanding of the effects of floods and droughts on algal growth and on transport of nitrate, chloride, and other constituents of concern. Many water-quality challenges are complex and water managers can benefit from data characterizing a suite of parameters to answer questions of constituent sources, timing, and management (Pellerin and others, 2012) . Combining observations from optical sensors, physical parameters (discharge or temperature), and other sensor measurements (turbidity and specific conductance) at high temporal resolution will create opportunities to evaluate questions related to nitrate or other constituents of concern. 29, 2013, at http://il.water.usgs.gov/ 
